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This study examines the relationship between puberty and mood in an epidemiological 
sample, describing trends in mood and quality of life (QoL) accompanying puberty, relationships 
between pubertal stage and mood diagnoses, and the effects of precocious puberty on mood. 
1,163 caregivers of youth aged 5-18 matched to the 2010 U.S. Census completed measures of 
mood symptoms, QoL, pubertal status, and developmental and family history. QoL and 
dysregulated mood decreased significantly with age. Sex significantly moderated age effects on 
dysregulated mood (steeper decline in males) and depression (increase in females, no significant 
change in males). Puberty significantly predicted self-harm and hypomania; chances of having a 
mood diagnosis varied significantly by pubertal category. Males who entered puberty early 
endorsed higher hypomania and self-harm. Results suggest the importance of integrating pubertal 
measures into research and clinical practice and monitoring mood symptoms more closely in 













TABLE OF CONTENTS 
LIST OF TABLES………………………………………….……………………………………..v 
LIST OF FIGURES……………………………………………………………………………....vi 
LIST OF ABBREVIATIONS………………………………………………………….……......vii 
CHAPTER 1: INTRODUCTION…………………………………………………………………1 
 Specific Aims………………………………………………………………………….......5 




CHAPTER 3: RESULTS…………………………………………………...……………………13 
 Diagnostic and Puberty Information………………………………..……………………13 
 Aim 1: Associations Between Age and Sex on Mood and Functioning……...………….14 
 Aim 2: Effects of Pubertal Status on Mood……………………………………...………16 
 Aim 3: Pubertal Onset and Mood Symptoms/Diagnoses………………………………..17 
CHAPTER 4: DISCUSSION…………………………………………………….…………...…20 
 Limitations…………………………………………………………...…………………..23 
 Future Directions………………………………………………….……………………..24 
REFERENCES……………………………………………………….….………………………28
 v 
LIST OF TABLES 
TABLE 1: Descriptive Statistics for Parent-Reported Clinical  
and Demographic Variables……………………………………………………….….34 
TABLE 2: Correlations Between Predictor and Dependent Variables…………….……..………35 
TABLE 3: Aim 1 Model Summaries……………………………….…………………………….36 
TABLE 4: Aim 1 Multiple Regression Coefficients……………….……………….….….…...…37 
TABLE 5: Aim 2 Multiple Regression Coefficients………………….………………..……....…39 
TABLE 6: Aim 3 Logistic Regression Output………………………………..…………….….…41 
TABLE 7: Aim 3 Model Summaries………………………………………………….………….42 
 TABLE 8: Aim 3 Regression Coefficients with Contrast Codes 




















LIST OF FIGURES 
FIGURE 1: Linear Plots of the Significant Effect of Age on Mood  
and Quality of Life………………………………………….………………………44 
FIGURE 2: Nonlinear Plots of Age, Mood, and Quality of Life for  
Inattentive Restless and Hypomania………………………………………..………45 
 
FIGURE 3: Effect of Pubertal Status on Mood and Functioning…………………….………….46 
FIGURE 4: Pubertal Onset and Mood Symptoms/Diagnoses  




LIST OF ABREVIATIONS 
ADHD  Attention-Deficit/Hyperactivity Disorder 
BD  Bipolar Disorder 
BMI  Body Mass Index 
CDRS-R Children’s Depressoin Rating Scale- Revised 
DSM-5 Diagnostic and Statistical Manual of Mental Disorders (5th Edition) 
ICD-11 International Classification of Diseases (11th edition) 
IRB  Internal Review Board 
PBiRDS Pediatric Bipolar and Related Disorders Diagnostic Scales 
POMP  Percent of Maximum Possible Likelihood 
PPDS  Petersen Pubertal Development Scale 
QBIX  Quantitative Biographical Index 
QoL  Quality of Life 
WPS  Western Psychological Services 






CHAPTER 1: INTRODUCTION 
Puberty is a developmental milestone marking the transition from childhood to 
adolescence, with profound changes across biological, cognitive, behavioral, and psychological 
domains. With these changes come challenges, particularly when puberty begins earlier or 
progresses faster than average. Early pubertal onset, or precocious puberty, has been linked to 
increased stress, higher body mass index (BMI), social pressures, risky behavior, and 
psychological problems (Hamlat, Snyder, Young, & Hankin, 2019; Marceau, Ram, Houts, 
Grimm, & Susman, 2011) as well as poorer quality of life (Fujimura, Sekine, & Yamada, 2019). 
Further, these constructs are often connected in complicated relationships that implicate one 
another as both risk factors for and poor outcomes of one another. For example, higher BMI in 
childhood has predicted earlier puberty and is also linked with poor outcomes, including 
psychosocial issues (such as depression) and chronic disease; on the other hand, studies have 
found that depression is positively associated with or accounts for much of the variance in BMI 
(Lynch et al., 2019). These bi-directional relationships between puberty, BMI, and mood 
(Dockray, Susman, & Dorn, 2009; He & Karlberg, 2001; Lee et al., 2007; Lynch et al., 2019) 
suggest puberty, physical health concerns, and poor socioemotional functioning are linked before 
pubertal onset and persist after it ends to produce poorer health and well-being outcomes. The 
mechanisms for these trends are not well understood, though biological studies (e.g., focused on 
inflammation, hormones; (Dockray et al., 2009) imply that they are connected. The relationships 
between puberty, mood, and salient demographic factors are important to disentangle, especially 
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as higher stress and hormone levels begin affecting youth via puberty at even earlier stages of 
brain development and rates of mood disorders in youth (and adolescents in particular) continue 
to rise (Keyes, Gary, O’Malley, Hamilton, & Schulenberg, 2019; Twenge, Cooper, Joiner, 
Duffy, & Binau, 2019). 
Puberty is, at its most elemental level, a biological transition to full sexual maturity 
driven by hormonal changes and marked by distinct physical development. Social, emotional, 
and behavioral changes accompany these physical transitions through various mechanisms.  As 
youth move through the biological transitions of puberty, for example, simultaneous changes in 
peer groups and socialization interact with those transitions to contribute to emotional and 
behavioral shifts, such as potential increased emotional reactivity and decreased ability to self-
regulate (Miller & Prinstein, 2019; Prinstein & Giletta, 2016).  Further, decreased overall quality 
of life, an individualized, patient-centered measure of multidimensional functioning, is 
considered a developmental phenomenon of adolescence (Goldbeck, Schmitz, Besier, 
Herschbach, & Henrich, 2007) that has been linked to depression and suicidality (Balazs et al., 
2018). These developmental changes are particularly salient when youth progress through 
puberty at a different pace or rate than their peers. Timing is a measure of interindividual 
differences in pubertal development, and describes how mature children are relative to peers of 
their same sex and age. Tempo describes how quickly or slowly adolescents progress through 
puberty to full sexual maturity (from Stage 1 to Stage 5; Marceau et al., 2011). Timing and 
tempo are related to mental health, physical health, quality of life, and psychological outcomes in 
both males and females (Marceau et al., 2011). There are two interrelated developmental 
hypotheses that may explain this relationship.  The maturational deviance hypothesis theorizes 
that youth developing earlier or later than their peers are subject to psychological distress, 
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resulting in the manifestation of behavior problems (Petersen & Taylor, 1980). The 
developmental readiness hypothesis posits that youth who mature earlier (“precocious puberty”) 
are at the highest risk for psychological and behavior problems specifically because they are not 
prepared emotionally or cognitively for the changes (physiological, social, and emotional) that 
take place over the course of puberty (Ge & Natsuaki, 2009). Earlier timing has been associated 
with greater physical size and earlier physical growth, and deviations from normal timing are 
related to psychological and behavioral outcomes including internalizing and externalizing 
problems in both boys and girls, though findings in girls have historically been more consistent 
(Ullsperger & Nikolas, 2017). In girls specifically, precocious puberty correlates with depressive 
symptoms (Copeland, Worthman, Shanahan, Costello, & Angold, 2019), eating disorders, and 
delinquency, in addition to other maladaptive behaviors (see Mendle, Turkheimer, & Emery, 
2007 for a review of negative outcomes in girls who enter puberty early). Despite conflicting 
findings in regard to sex, developmental researchers tend to agree that the biological and social 
changes that occur simultaneously over the course of puberty impact psychosocial development, 
and precocious puberty in particular can foster a sense of social pressure or isolation that puts 
youth at risk for psychological concerns. 
Research has established that rates of psychopathology increase significantly after 
puberty (Auerbach et al., 2018; Goodwin & Jamison, 2007; Van Meter, Moreira, & Youngstrom, 
2019), and early puberty in particular has been linked to psychopathology (Hamlat, Snyder, 
Young, & Hankin, 2019; Ullsperger & Nikolas, 2017) and poorer overall quality of life, 
including poor sleep quality, mental health difficulties, and poor physical health (Fujimura et al., 
2019). The changes in hormones and brain structure that occur during puberty and their 
perceived effects on cognition and social and emotional functioning are particularly relevant to 
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psychological concerns given parallels in the differences of the brains and symptomatology of 
individuals who have been diagnosed with a mood disorder. In general, it has been hypothesized 
that the disparate development of the limbic system and the prefrontal cortex is particularly 
discordant in adolescents who enter puberty earlier than their peers, contributing to maturational 
disruptions that make adolescents uniquely susceptible to reward and prone to emotional 
reactivity (Casey, Jones, & Hare, 2008) and may be associated with the development of 
psychopathology (Ullsperger & Nikolas, 2017). Mood diagnoses are also associated with many 
of the emotional, cognitive, and social deficits that affect adolescents who experience precocious 
puberty, including dysregulated motivational systems and impulsivity (Youngstrom, 2010). 
Further, hormone shifts during puberty may lead to sex differences in brain structure and 
organization, contributing to diverging outcomes in males and females (Blakemore, Burnett, & 
Dahl, 2010). In sum, the relationship between brain development, cognition, behavior, quality of 
life, and puberty (with its associated increases in sex-specific hormones) is complex and presents 
an important target for current research, particularly as it relates to psychosocial development 
and coinciding mental illness. 
The study of etiology and risk periods like puberty in mood disorders is further 
complicated by the difficulty in properly diagnosing them, particularly in youth. Research 
suggests that many clinicians have not been trained to diagnose mental illnesses in children with 
high inter-rater agreement (i.e., using evidence-based assessment; Jensen-Doss, Youngstrom, 
Youngstrom, Feeny, & Findling, 2014). The treatment gap (the difference between the number 
of people diagnosed with a given illness, or the true prevalence, and the treated proportion of 
individuals diagnosed with that illness) has been estimated to be between 50-60% for mood 
disorders (Kohn, Saxena, Levav, & Saraceno, 2004), and gets larger depending on severity of 
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illness (Wang et al., 2007); the average time between onset and diagnosis can be anywhere from 
5-15 years for bipolar disorder (Drancourt et al., 2013; Hirschfeld, Lewis, & Vornik, 2003; 
Marchand, Wirth, & Simon, 2006). This is particularly concerning given that younger age of 
onset has been linked to poorer outcomes and more frequent, longer, and severe mood episodes 
(Leverich et al., 2007). Other data reinforce that early intervention leads to a more positive 
trajectory for those with mental illnesses (Correll, Galling, Pawar, & al., 2018; Saraf  et al., 
2021), emphasizing the importance of early identification. Youth are less adept at identifying and 
describing mood and emotions than their adult counterparts, however, making it difficult for a 
clinician to administer self-report measures or inquire about specific symptoms. Attention-deficit 
hyperactivity disorder (ADHD), oppositional defiant disorder (ODD), depression, bipolar 
disorder, and anxiety all can present similarly in children (Youngstrom, Birmaher, & Findling, 
2008) and may also be comorbid conditions, complicating the ability to differentiate between 
diagnoses. Further, despite presenting similarly to adults with the same diagnoses, children and 
teens may experience a different course of illness; youth with BD, for example, tend to have 
more mood episodes, mixed presentation, subsyndromal symptoms, and quicker mood changes 
than adults with BD (Birmaher et al., 2009).  The difficulty in diagnosing mood disorders or 
differentiating different disorders from one another as well as the positive implications of early 
intervention emphasize that additional means of identifying at-risk youth or particular risk 
periods in which to monitor symptoms in youth is sorely needed.  
 
Specific Aims 
This study aims to examine the changes in mood experienced by youth in varying stages 
of puberty to determine if, and how much, pubertal onset and stage can alter mood and 
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functioning (i.e., quality of life; after controlling for age, sex, and BMI). Specifically, we will 
describe associations in depression, mania, irritability, and quality of life that accompany 
pubertal onset and subsequent pubertal stages, and test whether these differences vary based on 
sex and body mass index (BMI). Though other demographic variables are likely to be salient to 
the relationship between puberty and mood, the covariates in these analyses have been carefully 
chosen for their well-documented and complicated relationships to these constructs. We will 
control for sex in these analyses given the research highlighted in this manuscript that suggests 
sex differences in brain structure and motivation due to pubertal increases in sex-specific 
hormones, as well as sex differences in mood and behavior changes that correspond with 
puberty. We will also control for BMI given research suggesting that higher BMI in childhood 
has predicted precocious puberty in multiple studies (He & Karlberg, 2001; Lee et al., 2007) and 
has been linked to poor psychosocial, mood, and quality of life outcomes (Kelly et al., 2013). 
Finally, we will investigate the effects of early or late pubertal onset on mood, with a specific 
interest in those children who enter puberty early in comparison to their peers given the research 
supporting early puberty as a transdiagnostic risk factor (Hamlat et al., 2019). Overall, we hope 
that identifying links between puberty, mood, and functioning will illuminate helpful assessment 
methods for early identification of mood disorders in youth. 
 
Aim 1: Describe associations of mood (depression, mania, irritability) and functioning (QoL) 
with age, and test whether there are differences based on sex. 
Hypothesis 1a: Levels of mood symptoms will increase as children get older (i.e., 




Hypothesis 1b: Effects will start at a younger age for girls and be more pronounced on 
depressive symptoms. 
Aim 2: Does pubertal status affect mood after controlling for age, sex, and BMI? 
Hypothesis 2: Levels of mood will be significantly associated with pubertal status even 
after controlling for age, sex, and BMI, such that youth in later stages of puberty will 
endorse higher levels of mood symptoms.  
Aim 3: How does the onset of puberty affect the likelihood of youth being diagnosed with a 
mood disorder and/or experiencing mood symptoms? 
Hypothesis 3a: Children entering puberty are more likely to be diagnosed with mood 
disorders (based on a structured history-gathering, parent-report assessment) and 
experience increased mood symptoms and reduced quality of life. 
Hypothesis 3b: Children entering puberty early or late in comparison to their peers will 
show an increased rate of mood disorders and increased mood symptoms, as well as 












Participants were N = 1,163 parents of youth aged 5-18 (M = 11.39, SD = 3.98), along 
with 569 children of those parents who were at least 11 years old (M = 14.91, SD = 2.25) and 
were thus able to complete self-report assessments.  This sample was initially recruited to 
develop and standardize a novel assessment for pediatric bipolar disorder. Participants were 
selected to be representative of the 2010 U.S. Census. The sample was stratified based on sex, 
race/ethnicity, and geographic region, with 253 children from the Northeast (22%), 432 from the 
South (37%), 278 from the Midwest (24%), and 200 (17%) from the Western United States. See 
Table 1 for a full breakdown of participant characteristics. 
The sample of children reported on had a similar distribution of males and females 
(female = 54%; n = 631) and was predominantly non-Hispanic (74%; n = 862) and White (64%; 
n = 747). Caregivers who participated in the study were primarily mothers (79%; n = 918); their 
highest education levels were between 1 (no high school diploma) and 4 (bachelor’s degree or 
higher), with 41% (n = 410) possessing a Bachelor’s degree or higher. Of note, this study reports 
guardians’ responses to questions about their child rather than child responses to questions about 
themselves unless otherwise indicated, as parent report was available across a wider age range, 





Demographic Form. Parents and/or children completed a demographic form at intake 
that included child age, date of birth, gender, race, ethnicity, height, weight, and an open-ended 
question regarding the relationship of the respondent to the child (e.g., parent, stepparent, 
guardian). Parents’ highest level of education and the ZIP code and geographic region in which 
the child resided were also collected. 
Pediatric Bipolar and Related Disorders Diagnostic Scales (PBiRDS; Youngstrom, 
Reynolds, Livingston, & Findling, Unpublished). The PBiRDS assessment was developed to 
comprehensively assess for pediatric bipolar disorder. It can be printed for participants to 
complete during a visit or completed online; for purposes of this study, parents were recruited 
remotely and completed the assessment online. It includes 167 questions on mania, externalizing 
symptoms, hyperirritability, depression, internalizing symptoms, suicide, quality of life, and 
impression management (e.g., whether a child is answering questions to the best of their abilities, 
or modifying their answers based on perceived expectations; youth report only). Questions are 
phrased as statements (e.g., “gets angry when he/she doesn’t get own way”, “has no energy”), 
and participants are instructed to describe how the statement applies to their child by marking 
“D” for daily or almost every day (4 in the quantitative scoring), “W” for weekly or a few times 
a week (3), “M” for monthly or a few times a month (2), “Y” for yearly or a few times a year (1), 
or “N” for never (0). Six factors were identified to describe symptom clusters of the PBIRDS 
items: dysregulated mood and behavior (41 items, α = .97), self-harm (27 items, α = .94), 
depression (36 items, α = .95), quality of life (10 items, α = .84), inattentive restless (19 items, α 
= .93), and hypomania (10 items, α = .84; Langfus, 2020). 
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Quantitative Biographical Index (QBIX). The QBIX is a structured history-gathering 
tool that contains 12 items regarding a child’s personal and family history with mental illness, 
medication, behavior, mood, and family environment. Participants are asked to mark which 
diagnoses are relevant to their child, and to which family members various diagnoses apply. 
They are asked to mark the responses that most accurately reflect their child or their feelings 
about their child for the remaining questions. The QBIX is used to include past diagnoses as an 
outcome variable in regression analyses investigating the effects of early or late puberty. 
Petersen Pubertal Development Scale – child self-report and parent report about 
child (PPDS; Petersen, Crockett, Richards, & Boxer, 1988). The PPDS contains 5 items 
assessing pubertal status, including the presence of a growth spurt, pubic hair, and skin changes 
for both boys and girls. For boys, PPDS items also assess facial hair and voice change; for girls, 
items also assess breast development and menarche. Each item ranges from 1 (“development has 
not yet begun”) to 4 (“development seems completed”).  Items 1-4 on the girls’ version and all 
items on the boys’ version are awarded points in line with the participants’ response (e.g., “not 
yet begun” is awarded one point, “seems completed” is awarded four points). Scores for all items 
are averaged to give a total PPDS score. Pubertal categories, intended to map to Tanner stages 
(Marshall & Tanner, 1969, 1970), are computed by totaling the scale values for body hair 
growth, voice change, and facial hair for boys, and body hair growth, breast development, and 
menarche for girls. Boys with a score of 3 are prepubertal; 4 or 5 or no 3-point responses are 
early pubertal; 6-8 or no 4-point responses are mid-pubertal; 9-11 are late pubertal; and 12 are 
post-pubertal. Girls with a 2 and no menarche are considered prepubertal; 3 and no menarche are 
early pubertal; 4 or higher and no menarche are mid-pubertal; 7 or less with menarche are late 




 Initial items for the PBiRDS assessment were written by a committee of three 
psychologists and one psychiatrist with extensive experience in test writing, psychometrics, 
federally funded research, and clinical work (especially relevant to this study, all committee 
members had extensive clinical experience with bipolar disorder). Initial item sets of the 
PBiRDS included mania, externalizing symptoms, hyperirritability, depression, internalizing 
symptoms, suicide, quality of life, and impression management (youth report only). Items were 
informed by the DSM-IV (American Psychiatric Association, 2000) and widely used severity 
assessments (e.g., Young Mania Rating Scale, YMRS; Young, Biggs, Ziegler, & Meyer, 1978); 
(Children’s Depression Rating Scale- Revised, CDRS-R; Poznanski, Cook, & Carroll, 1979) as 
well as other scales validated for use in this sample, especially the maximum discriminating 
items on those scales (i.e., those with high specificity). Of note, neither DSM-5 (American 
Psychiatric Association, 2013)  nor ICD-11 (World Health Organization, 2018) added any new 
symptoms of mania, so the item set is still current in that regard.  
 After initial development, the PBiRDS was reviewed by the committee, with some items 
rewritten, and augmented with additional items. The scale administered during the pilot study 
included 195 items on each of two forms (Form A and Form B) that were administered to a 
sample of N = 136 children and adolescents over the age of 11 and N = 146 parents.  10 items on 
each form remained the same and constituted “linking items”, leaving each form with 185 
original questions and 380 items total between the two forms. Preliminary analyses included 
descriptive statistics and endorsement rates, and items with good variability as well as items that 
were considered critical or pathognomonic were kept for the final scale. A shorter set of 167 
items was developed based on this pilot study to constitute the final assessment, and the Petersen 
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Pubertal Development Scale (PPDS) as well as items in the QBIX family history survey were 
used to validate the items chosen. Standardization was completed with norms gathered by 
Western Psychological Services (WPS).  
 Participants for the PBiRDS standardization study were recruited by an organization 
contracted by WPS to recruit a stratified sample representative of the 2010 United States census. 
Participants were recruited, consented, and completed the assessment remotely via the internet. 
A clinical sample of youth diagnosed with BD, ADHD, and depression were collected as the 
target comparison group. Of note, it was particularly difficult to recruit participants with bipolar 
disorders; BD is challenging and controversial to diagnose in children, thus trustworthy prior 
diagnoses are rare (Jenkins, Youngstrom, Washburn, & Youngstrom, 2011; Jensen-Doss et al., 
2014; Rettew, Lynch, Achenbach, Dumenci, & Ivanova, 2009). Further, the study investigators 
were not able to give or confirm diagnoses, given limitations of the IRB and attempts to keep 
intellectual property with the publisher. 
 Data from the completed assessments were collected and cleaned by the contracted 
recruitment agency and sent to WPS. These data were then distributed to the study investigators, 
who further cleaned the data and began generating scoring algorithms. Debriefs were not 
necessary, as the instructions given at the beginning of the study assured participants that their 





Diagnostic and Puberty Information 
In this normative sample and according to parent report, 5% of children had been 
previously diagnosed with anxiety, 4% with depression, 0.3% with an explosive disorder, 9% 
with ADHD, 0.2% with borderline personality disorder, 1% with oppositional defiant disorder, 
1% with conduct disorder, 1% with bipolar disorder, and 0.3% with dysthymia. 85% of children 
had never received a previous diagnosis; 0.4% had been previously hospitalized for a psychiatric 
reason. 
Puberty scores on the Petersen Pubertal Development Scale (PPDS) revealed that 34% (n 
= 385) children had not yet begun puberty, 56% (n = 634) of children were in early, mid, or late 
puberty, and 9% (n = 106) of children had completed puberty at the time of the study; 3% (n = 
38) children were missing scores for pubertal category. See Table 1 for a full breakdown of 
puberty statistics by category and clinical characteristics. 
The following mood and quality of life variables were identified in a factor analysis from 
a previous study, which revealed six symptom dimensions: dysregulated mood and behavior, 
self-harm, depression, quality of life, inattentive restless, and hypomania (Langfus, 2020). Of 
note, average scale totals are reported here as the Percent of Maximum Possible (POMP; Cohen, 
Cohen, Aiken, & West, 1999) so that scores may be interpreted as percentages of the possible 
maximum score for a given scale, given that each scale has a different number of items. 
Table 2 presents the bivariate correlations among study variables. Pubertal stage was 
significantly positively associated with age, sex, BMI, self-harm, depression, and quality of life 
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(with QoL higher scores indicating lower quality of life, so that expected correlations would be 
positive with symptom dimensions). The bivariate correlations provide a contrast with the unique 
or incremental effects in the following regression analyses. 
  
Aim 1: Associations Between Age and Sex on Mood and Functioning 
 Multiple regression tested associations between age and mood using age and sex as 
predictors of multiple parent-reported mood variables (i.e., the six factors described above). Age 
was centered at 11 (the age at which self-report measures are often gathered, coincidentally also 
centering around the grand mean in the full sample) in order to provide a more meaningful 
interpretation of results. Interaction terms tested for age x sex differences (male = 0, female = 1). 
Quadratic and cubic terms tested whether effects are nonlinear; these models fit better than linear 
for two variables (inattentive restless and hypomanic symptoms; see Table 3). Visually, a cubic 
term indicates the presence of a second inflection point, which in the context of pubertal effects 
could be a deceleration after an earlier rapid, nonlinear acceleration. All reported models are 
linear unless otherwise indicated. 
A significant regression equation was found for dysregulated mood and behavior 
(“dysregulation;” F(3, 1,159) = 6.99, p < .0005), with a correlation between predicted and 
observed dysregulation scores (R) of .13. The predicted dysregulation score for an 11-year-old 
male is 18% of the total possible score, and for a female of the same age is 15%. The interaction 
between age and gender showed highly significant age trends in opposite directions, such that 
dysregulation scores decreased over time for males and increased for females (see Figure 1). The 
model predicts that dysregulation scores for males decrease by 0.7% for every year of age. 
Dysregulation scores for females increase by 0.9% for every year of age. 
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Depression also revealed a significant regression equation (F(3, 1,159) = 10.95, p < 
.0005), with a correlation between predicted and observed depression scores (R) of .17. The 
predicted depression score for an 11-year-old male or female is 21% of the total possible score. 
The interaction between age and gender showed highly significant age trends, such that 
depression scores decreased over time for males and increased over time for females (see Figure 
1). The model predicts that depression scores for males decrease by 0.1% for every year of age. 
Depression scores for females increase by 1% for every year of age. 
The nonlinear models of inattentive restless symptoms were significant above and 
beyond the contributions of the linear model (F change significance = .029; F(7, 1,155) = 6.27, p 
< .0005). See Table 3 for model summaries detailing the improvement of fit (R2 change = .009).  
There was a significant linear effect for gender and a significant interaction with gender in the 
cubic model, such that there was a more pronounced gender difference in early childhood and 
late adolescence (see Figure 2; see Table 4 for coefficients for the linear, quadratic, and cubic 
models).  
 Quality of life (QoL) was significant (F(3, 1,159) = 6.09, p < .0005), with a correlation 
between predicted and observed quality of life scores (R) of .13. The predicted QoL score for an 
11-year-old male is 18% of the total possible score (with lower scores indicating less impairment 
and higher quality of life), and for a female of the same age is 16% of the total possible score. 
The interaction between age and gender showed highly significant age trends such that QoL 
scores remained relatively stable but increased slowly over time for males and increased at a 
more pronounced rate for females (see Figure 1). The model predicts that QoL scores for males 
increase (i.e., quality of life decreases) by 0.4% for every year of age. Poor QoL scores for 
females increase by 0.2% for every year of age. 
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 The nonlinear models of hypomania symptoms were significant above and beyond the 
contributions of the linear model (F change significance = .011; F(7, 1,155) = 5.42, p < .0005), 
with an R2 change of .011 (see Table 3). In the nonlinear models, hypomania scores tended to 
decrease over time for both males and females, but with females showing a pronounced increase 
in hypomanic symptoms in late adolescence (see Figure 2).  
 Self-harm was the only mood symptom that was not significantly predicted in a multiple 
regression model using age, sex, and the interaction between age and sex as predictors (p = 0.24), 
indicating that there were no sex differences or age trends in these behaviors.  
 
Aim 2: Effect of Pubertal Status on Mood  
 Multiple regression evaluated whether pubertal status and mood were associated, using 
pubertal category as an ordinal predictor of mood after controlling for age, sex, and BMI. 
Regression models included interaction terms between sex and age, sex and puberty, and sex and 
BMI to test for sex differences in these variables that may have an impact on outcomes. See 
Table 5 for the detailed summary of all six regressions. 
Using all variables above as predictors of dysregulated mood and behavior yielded a 
significant model overall (F(7, 1,085) = 3.88, p < .0005), with a correlation between predicted 
and observed dysregulation scores (R) of .16. Puberty was not a significant predictor of 
dysregulation on its own after controlling for all other variables, but sex (p = .005) and the 
interaction between sex and BMI (p < .05) were significant.  
Self-harm also yielded a significant model overall (F(7, 1,085) = 2.33, p < .05), with a 
correlation between predicted and observed self-harm scores (R) of .12. Puberty and age were 
both significant predictors (p < .05 for both) of self-harm independent of the other variables in 
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this model. This was in contrast to the model for Aim 1, where self-harm was not significantly 
predicted by age, sex, and the interaction between age and sex. The overall model for depression 
scores was also significant (F(7, 1,085) = 5.14, p < .0005), with a correlation between predicted 
and observed depression scores (R) of .18. None of the individual predictors were statistically 
significant on their own. 
 The overall model for quality of life was significant (F(7, 1,085) = 5.70, p < .0005), with 
a correlation between predicted and observed depression scores (R) of .19. Sex was a significant 
predictor of QoL above and beyond the other variables in the model (p < .05). Puberty was 
trending toward significant (p = .051). 
The overall model for inattentive restless scores was significant (F(7, 1,085) = 4.16, p < 
.0005), with a correlation between predicted and observed inattentive restless scores (R) of .16. 
None of the individual predictors were statistically significant on their own. 
 There was a significant regression model for hypomania (F(7, 1,085) = 3.66, p < .005), 
with a correlation between predicted and observed hypomania scores (R) of .15. Age (p < .0005), 
puberty (p < .05), and the interaction between age and sex (p < .05) were significant predictors of 
hypomania scores independent of the other variables in the model. 
 
Aim 3: Pubertal Onset and Mood Symptoms/Diagnoses 
 The last aim examined whether pubertal status was associated with parent reported 
professional diagnoses. A X2 test compared pubertal status versus whether or not children have 
been diagnosed with a mood disorder. Adjusted standardized residuals identified cells with 
significantly different rates than expected under the null hypothesis (Agresti, 2002). Finally, a 
logistic regression tested whether effects persisted after controlling for age, sex, and BMI. A 
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second set of analyses used contrast codes dividing children into “early,” “on time,” and “late” 
puberty allowed us to evaluate the effects of precocious or late puberty on mood diagnoses and 
symptoms. 
 Of the 46 children who were diagnosed with a mood disorder, four were prepubertal, five 
were in early puberty, nine were mid-pubertal, 16 were in late puberty, and 12 were post-
pubertal. The proportion of participants who were previously diagnosed with a mood disorder 
differed significantly by pubertal category, X2 (4, N = 1,125) = 25.95, p < .0005, with adjusted 
residuals showing that the prepubertal group is at significantly lower risk of being diagnosed 
with a mood disorder, the late pubertal group trending toward higher risk of being diagnosed 
with a mood disorder, and the post-pubertal group demonstrating a significantly higher risk of 
being diagnosed with a mood disorder. 
 The logistic regression predicted professional mood disorder diagnosis using five 
predictors: puberty, centered age, sex, BMI, and the interaction between sex and puberty (given 
research suggesting that females enter puberty earlier than males and that both sexes experience 
distinct changes in hormones, peer functioning, and social interactions). The overall model was 
highly significant (X2 with five df yielded an F = 41.31, p < .0005). Age, BMI, and the 
interaction between sex and puberty (p < .05 for all) were all significant even after controlling 
for one another, but puberty and sex were not independently significant. These results suggest 
that one’s chances of being diagnosed with a mood disorder increase with older age and higher 
BMI (see Table 6), and any effects of puberty were not independent of age and BMI.  
 To examine whether each youth entered puberty early, on time, or late relative to peers, 
we regressed pubertal score on age, standardized the residuals, and labeled cases who were more 
advanced than expected based on their age “early” (residual z of 1.0+), and those who were less 
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advanced than their age-mates “late” (residual z <= -1.0), else they were considered “on time.” 
Using contrast codes with these categories and interaction terms between contrast codes 
(puberty) and sex as predictors of mood diagnoses in a logistic regression revealed no 
associations between precocious or late puberty (or the interaction between sex and precocious 
or late puberty) and having a mood diagnosis, p = .12. Regressions using the same contrast code 
categories and interaction terms as predictors of mood symptoms were not statistically 
significant for dysregulation (p = .50), depression (p = .65), quality of life (p = .13), or 
inattentive restless (p = .054), but were significant for hypomania (p = .045) and self-harm (p < 
.0005) such that males who began puberty early had higher scores for both hypomania and self-
harm than those who were on time or late (see Tables 7 & 8, Figure 4).
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CHAPTER 4: DISCUSSION
The goal of this study was to examine the changes in mood associated with different ages 
and stages of development in order to determine if, and how, pubertal onset and stage can alter 
mood after controlling for relevant covariates. We investigated trajectories in depression, 
hypomania, mood dysregulation, inattentive restlessness, self-harm, and quality of life in youth 
at various stages of pubertal development and test whether differences discovered vary based on 
sex and BMI, two covariates with ample research supporting their relationships to different rates 
of pubertal onset and progression (He & Karlberg, 2001; Lee et al., 2007). The final goal of this 
study was to study the effects of precocious or late pubertal onset on mood. Using a large and 
nationally representative sample could help disentangle the complicated relationships between 
puberty, mood, and demographic factors, providing statistical power to test interactions with sex 
as well as potential nonlinear associations (e.g., acceleration and deceleration of trends).  
 We began by exploring the relationship between age and mood and functioning, 
hypothesizing that older children would experience higher scores on symptom measures 
(leveling off as they got older) and that females would experience more pronounced mood 
symptoms (depression specifically) and earlier mood disturbance than males. Non-linear models 
were significant beyond linear models for only two variables, hypomania and inattentive restless 
symptoms, suggesting that the hypothesized nonlinear relationship between mood and age was 
only evident for these symptoms. For females, depression and dysregulated mood increased 
linearly with age; for males, these symptoms appeared to decrease (with significant sex and sex x 
age effects, p < .01, for dysregulated mood and behavior and significant sex x age effects, p < 
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.001, for depression). Males and females both experienced decreased quality of life with age. 
Self-harm was the only mood variable not significantly predicted in these models, which may be 
the result of the expansive range of symptoms (suicidal ideation, self-harm, and suicide attempts) 
that were captured in this singular construct. A meta-analysis of the prevalence of self-harm and 
characteristics in adolescents found that the mean age of beginning to engage in self-harm 
behaviors is around 13 years old (Gillies et al., 2018).  Thus, it is possible that a large portion of 
the sample was younger than would be expected to show these effects. 
 Next, we examined the relationship between puberty and mood and quality of life after 
controlling for age, sex, and BMI (and the interactions between these variables), as various 
research studies have linked these predictors to mood and pubertal changes or differences 
(Dockray et al., 2009; Hamlat et al., 2019; Lynch et al., 2019). Overall models including these 
predictors were significant across all six symptom categories, but puberty was a significant 
incremental predictor only for self-harm and hypomania. Importantly, all of the predictor 
variables in these models are intricately related by nature—age, sex, and BMI have all been 
demonstrated as predictors of puberty, and the relationship between puberty and BMI in 
particular has been shown to be bidirectional, with puberty and BMI both serving to predict one 
another (Lee et al., 2007; Marceau et al., 2011). This complicates the interpretation of the full 
models, particularly because age and sex were most often significant contributors to the model 
on their own and as such could be the main predictors driving the overall models toward 
significance. Nevertheless, controlling for these predictors allows us to parse apart the effects of 
puberty independent of these covariates, suggesting that hypomania and self-harm in particular 
may be in part associated with youth’s pubertal status. 
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 Finally, we examined the more specific effects of puberty on mood and whether youth 
already clinically diagnosed with a mood disorder significantly differed by pubertal category. 
The prepubertal group was at a significantly lower risk of being diagnosed with a mood disorder, 
the late pubertal group trended toward higher risk of a diagnosis, and the post-pubertal group 
demonstrated a significantly higher risk of having a mood diagnosis than the other pubertal 
groups. Age, BMI, and the interaction between age and puberty were significant predictors of 
whether youth were diagnosed with a mood disorder, suggesting that older age and higher BMI 
increase one’s chances of a diagnosis. Precocious or late puberty did not have significant effects 
on mood diagnosis or many of the mood symptoms, but both were significant for self-harm and 
hypomania, such that males who entered puberty early were more likely to have higher scores on 
these measures. Of note, most youth were on time (68%) rather than early or late, and most 
values for self-harm scores were zero. The detection of a significant relationship between self-
harm and precocious puberty despite most youth indicating no self-harm points to the strength of 
this association and suggests that the effects would be even more pronounced in a clinical 
sample.  
The large, nationally representative sample described in these analyses is a major strength 
of this study, describing associations between puberty, mood, and other demographic variables 
that solidify puberty’s importance as a sensitive developmental period, particularly in regard to 
symptoms of mental illness. At the same time, the effects of these analyses were often highly 
significant with small effect sizes. It may be assumed that this study’s large sample size (N = 
1,163) drove many of the significant effects detected in these analyses, and results should be 
interpreted with this understanding in mind. This study finds patterns that emphasize the 
importance of monitoring mood and quality of life during the later stages of puberty and post-
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pubertally, particularly when youth enter puberty earlier than their peers. Further, caregivers and 
physicians should note that males and females may follow different patterns when it comes to the 
relationship between puberty and mood. Females should generally be monitored more closely for 
mood symptoms as they grow older and move through pubertal stages, while males who enter 
puberty earlier than their peers should be carefully assessed for self-injurious or suicidal thoughts 
and behaviors and symptoms of hypomania. In line with current literature, mood diagnoses seem 
to peak in late- and post- pubertal phases (see Costello, Erkanli, & Angold, 2006 for a meta-
analysis in males and females and Lewis et al., 2018 for a female sample). 
 
Limitations 
Though this study’s epidemiological sample enhances ecological validity and 
generalizability for many uses, it is limited in its application to clinical populations. It is 
expected that a clinical sample of youth and their caregivers would have endorsed higher 
symptom scores, and as a result may even demonstrate different relationships with puberty than 
the generally milder symptom presentations of the current population. Thus, this study may not 
be a complete representation of the relationship between mood and puberty in clinical 
populations of youth. As an example, the majority of youth in this sample experienced puberty at 
a rate similar to that of their peers, leading to a skewed distribution of puberty where most 
children fell into the “on time” category. Given the significant relationships between early 
puberty, hypomania, and self-harm scores in males despite such a skew, we may hypothesize that 
a clinical sample would show a more normal distribution of puberty scores across early, late, and 
on-time groups and more pronounced pubertal effects. 
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This study also relies on parent- rather than self-report, which may not be the most 
accurate representation of youths’ internalizing symptoms (De Los Reyes et al., 2015). However, 
self-report data was only available for those children who were over the age of 11 (n = 569), and 
we did not want to censor or exclude the sample of children who were too young to provide 
reports of their own symptoms. Instead, we opted to center our analyses at the age of 11 (the 
mean age of the entire sample) and analyze parent rather than self-report in order to investigate 
the early transition stages and aims. Future studies investigating the consistency between parent- 
and self-report in this sample are already underway to address this limitation.  
 Another limitation to consider is that the measure used to assess mood symptoms in this 
study has not yet been validated, and youth were not assessed or diagnosed by a study clinician 
because all assessments were administered online. The measure was originally developed by 
professionals as a novel assessment for pediatric bipolar disorder, and a representative sample 
was recruited in order to provide norms. However, a study validating the assessment as an 
appropriate measure of mood in children is forthcoming. Given that the assessment was 
developed by psychiatrists and psychologists with extensive experience in pediatric psychology 
and based on existing, valid assessments, we remain confident that the symptoms of our sample 
are accurately reflected in the PBIRDS measure. However, because mood diagnoses of youth in 
this sample were not validated by clinicians, relationships between mood diagnoses and puberty 
(i.e., Aim 3) should be interpreted with caution. 
 
Future Directions 
Examining the relationship between puberty and mood in clinical samples is the next step 
in modeling these relationships and understanding how they may impact the development of 
 
 25 
symptoms or diagnoses. This study’s primary purpose was to investigate these relationships in a 
representative sample in the hopes of forming hypotheses related to patterns in clinical 
adolescents. Future studies should further investigate the way these relationships manifest in 
clinical samples and across specific mood disorders. 
Though BMI’s relationship to puberty and mood is less clear and was not the main focus 
of this study, these analyses suggest that youth with higher BMI may be at a higher risk of 
having a mood diagnosis. The relationship between BMI and mood disorders in general is 
complicated, with many researchers investigating it via inflammation and other biological 
markers (Goldstein et al., 2015; Jeong et al., 2020; Mucci et al., 2020). BMI’s significance across 
multiple analyses does not serve to disentangle these complications, but further implicates its 
importance in mood disorder research (while taking a nod at the possibility of lifestyle 
interventions to successfully alleviate mood symptoms). Mood researchers should thus consider 
including BMI or related constructs as a covariate in future studies. 
The links between self-harm, hypomania, and puberty in analyses for Aims 2 and 3 of 
this study warrant further investigation. Perhaps the underlying mechanisms driving impulsivity 
in (hypo)manic symptoms are a contributor to the experience of self-injurious thoughts and 
behaviors, a theory common in the study of suicidality in bipolar disorder (Johnson, Carver, & 
Tharp, 2017). These connections are a timely and important contribution to the literature, as the 
field lacks an accurate way to predict those who will attempt suicide. Puberty may not be the 
decisive factor in this prediction, but understanding that precocious puberty may influence 




The current study has important implications for puberty’s relationship to mood 
symptoms and diagnoses and various demographic characteristics, particularly as these relate to 
the population at large. While adolescence has been indicated as a sensitive period for 
development and the development of psychopathology in particular, puberty is not typically a 
specific focus of clinical research. Youth are expected to experience more internalizing 
symptoms and decreased quality of life as a consequence of puberty but are not necessarily 
evaluated and treated in the context of their pubertal timing or tempo. A better understanding of 
the relationship between puberty and mood may elevate evaluation and monitoring of symptoms 
during puberty above waiting for mood symptoms to occur, or suggest that different treatments 
are optimized during specific pubertal stages or for individuals experiencing puberty at a certain 
rate. Further, large, epidemiological datasets that are representative of the population are few and 
far between, as they are time consuming and difficult to collect. This study’s use of a dataset that 
demographically matches the 2010 U.S. Census provides a valuable glimpse into a representative 
sample of youth, highlighting nationwide trends in mood symptoms, pubertal status, and other 
demographic characteristics, as well as the relationships among these. 
Overall, these results convey that a relationship exists in the general population that is 
worth further exploring in more specific samples, particularly clinical populations. The 
evaluation of pubertal status may serve to alert clinicians—psychologists and family 
practitioners alike—to impending mood changes in their young clients. Pubertal status is also 
worthy of attention in this context because of the psychosocial issues that accompany the 
transition through pubertal stages, even apart from mood and suicidal ideation. Incorporating 
measures of pubertal status or retrospective questions about its onset are incremental but 
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important changes toward better understanding these relationships and predicting, as well as 
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Descriptive Statistics for Parent-Reported Clinical and Demographic Variables (N = 1,163) 
 
Measure Variable M (SD) or n (%) 
Child Demographic Characteristics  
Sex Female 631 (54%) 
 Male 532 (46%) 
Age  11.39 (3.98) 
Ethnicity Hispanic 301 (26%) 
 Non-Hispanic 862 (74%) 
Race White 747 (64%) 
 Black/African American 204 (18%) 
 Asian 38 (3%) 
 American Indian/Alaskan 12 (1%) 
 Hawaiian/Pacific Islander 4 (<1%) 
 2+ Races (Mixed) 43 (4%) 
 Other 115 (10%) 
U.S. Geographic Region Northeast 253 (22%) 
 South 432 (37%) 
 Midwest 278 (24%) 
 West 200 (17%) 
Body Mass Index (BMI)  20.48 (5.70) 
Pubertal Category Prepubertal 385 (34%) 
(Missing n = 43) Early puberty 140 (12%) 
 Mid-pubertal 229 (20%) 
 Late puberty 265 (24%) 
 Post-pubertal 106 (9%) 
Caregiver Characteristics   
Relationship to Child Mother  918 (79%) 
 Father  151 (13%) 
 Stepmother  35 (3%) 
 Stepfather  5 (<1%) 
 Legal guardian  21 (2%) 
 Other 33 (3%) 
Highest Level of Education No high school diploma 127 (13%) 
(n = 1,004) High school graduate 227 (23%) 
 Some college 240 (24%) 
 Bachelor’s degree or higher 410 (41%) 
Clinical Characteristics* 
Child Diagnostic History Anxiety 53 (5%) 
 Depression 41 (4%) 
 ODD 14 (1%) 
 Explosive Disorder 4 (<1%) 
 ADHD 99 (9%) 
 Conduct Disorder 13 (1%) 
 Bipolar Disorder  9 (1%) 
 Dysthymia 4 (<1%) 
 Borderline 2 (<1%) 
 Never Diagnosed 1,003 (85%) 
Prior Psychiatric Hospitalization  5 (<1%) 
*Children can have more than one previous diagnosis; there may be overlap among the different conditions. 





Correlations Between Predictor and Dependent Variables 
 
 Dysreg. Depression Inattentive 
Restless 
QoL Hypomania Self-harm Puberty  Age Sex (Female) BMI 
 M = 23.66, 
SD = 27.14 
M = 20.17, 
SD = 16.33 
M = 11.09, 
SD = 11.02 
M = 6.97, 
SD = 6.69 
M = 7.29, 
SD = 8.05 
M = 3.38, 
SD = 7.94 
M = 2.21, 
SD = 0.96 
M = 11.39, 
SD = 3.98 
n = 631 (54.3%) M = 20.48, 
SD = 5.70 
Dysreg. 1 .65*** .66*** .19*** .63*** .56*** -.05 -.05 -.08* .04 
Depression .65*** 1 .68*** .22*** .67*** .65*** .10** .11*** .02 .06 
Inattentive 
Restless 
.66*** .68*** 1 .26*** .62*** .48*** -.00 .05 -.13*** .02 
QoL .19*** .22*** .26***  .25*** .35*** .15*** .11*** -.06* .07* 
Hypomania .63*** .67*** .62*** .25*** 1 .61*** -.05 -.10** -.05 -.02 
Self-harm .56*** .65*** .48*** .35*** .61*** 1 .07* .02 -.01 .05 
Puberty  -.05 .10** -.00 .15*** -.05 .07* 1 .79*** .21*** .28*** 
Age -.05 .11*** .05 .11*** -.10** .02 .79*** 1 .00 .30*** 
Sex -.08* .02 -.13*** -.06* -.05 -.01 .21*** .00 1 -.04 
BMI .04 .06 .02 .07* -.02 .05 .28*** .30*** -.04 1 
 
*<.05, **p<.005, ***p<.0005, two-tailed. 








Aim 1 Model Summaries 
 
     Change Statistics 




Linear .13 .02 .02 .018 6.993 3 1159 .000*** 
Nonlinear .14 .02 .01 .003 .743 4 1155 .563 
Depression Linear .17 .03 .03 .028 10.945 3 1159 .000*** 
Nonlinear .19 .04 .03 .007 2.135 4 1155 .074 
Inattentive 
Restless 
Linear .17 .03 .03 .028 10.954 3 1159 .000*** 
Nonlinear .19 .04 .03 .009 2.714 4 1155 .029** 
Quality of Life Linear .13 .02 .01 .016 6.089 3 1159 .000*** 
Nonlinear .15 .02 .02 .006 1.687 4 1155 .151 
Hypomania Linear .14 .02 .02 .021 8.209 3 1159 .000*** 
Nonlinear .18 .03 .03 .011 3.274 4 1155 .011** 
Self-harm Linear .06 .00 .00 .004 1.404 3 1159 .240 
Nonlinear .10 .01 .01 .007 2.076 4 1155 .082 
***p < .0005 (two tailed) 
**p < .05 (two tailed) 
Note. The 3 df linear block includes sex (female), linear effect of age, and their interaction. The 









Model Predictor B Beta t p 
Dysregulated 
Mood & Behavior 
Linear Intercept (score 





 Centered Age -.01 -.16 -3.62 .000 
 Female -.03 -.09 -2.89 .004 
  Female x Age .01 .15 3.40 .001 
Depression Linear Intercept (score 





  Centered Age -.00 -.03 -.79 .432 
  Female .00 .00 .13 .900 
  Female x Age .01 .19 4.42 .000 
Inattentive Restless Linear Intercept (score 





 Centered Age -.00 -.05 -1.15 .251 
  Female -.06 -.14 -4.90 .000 










 Centered Age .01 .09 .89 .374 
 Female -.06 -.14 -3.20 .001 
 Female x Age -.01 -.14 -1.31 .192 
 Quadratic Age .00 -.03 -.51 .608 
  Quadratic 
Female x Age 
-.00 -.06 -.86 .390 
  Cubic Age .00 -.14 -1.22 .223 
  Cubic Female x 
Age 
.00 .31 2.71 .007 
Quality of Life Linear Intercept (score 





  Centered Age .00 .08 1.97 .049 
  Female -.02 -.06 -2.02 .043 
  Female x Age .00 .03 .78 .435 
Hypomania Linear Intercept (score 





 Centered Age -.01 -.20 -4.65 .000 
  Female -.02 -.06 -1.94 .053 










 Centered Age -.01 -.26 -2.47 .014 
 Female -.03 -.09 -1.92 .055 
 Female x Age -.00 -.02 -.14 .888 
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  Quadratic Age .00 .01 .18 .859 
  Quadratic 
Female x Age 
.00 .03 .39 .694 
  Cubic Age .00 .06 .51 .610 
  Cubic Female x 
Age 
.00 .16 1.33 .183 
Self-harm Linear Intercept (score 





 Centered Age -.00 -.04 -.81 .419 
  Female -.00 -.01 -.43 .671 
  Female x Age .00 .08 1.87 .062 
*Nonlinear models are only presented for variables where the nonlinear model offered significant contributions to 






Aim 2 Multiple Regression Coefficients 
 
Dependent Variable Predictor B Beta t p 
Dysregulated Mood & 
Behavior 
Intercept (score for 11 
year old males) 
.18  5.67 .000 
Puberty Category -.00 -.02 -.30 .763 
 Centered Age -.01 -.13 -1.80 .073 
 Female -.13 -.35 -2.80 .005 
 BMI .00 .00 .00 .998 
 Female x Age .01 .07 .96 .336 
 Female x Puberty .01 .06 .56 .576 
 Female x BMI .01 .26 2.19 .029 
Depression Intercept (score for 11 
year old males) 
.18  6.11 .000 
 Puberty Category -.01 -.09 -1.21 .225 
 Centered Age .00 .03 .35 .728 
 Female -.01 -.02 -.16 .874 
 BMI .00 .07 1.52 .129 
 Female x Age .00 .07 .97 .335 
 Female x Puberty .02 .20 1.81 .071 
 Female x BMI -.00 -.07 -.59 .555 
Inattentive Restless Intercept (score for 11 
year old males) 
.24  6.93 .000 
 Puberty Category -.01 -.09 -1.19 .233 
 Centered Age .00 .02 .26 .798 
 Female -.09 -.23 -1.82 .069 
 BMI .00 .01 .25 .803 
 Female x Age .00 .02 .28 .778 
 Female x Puberty .02 .17 1.51 .131 
 Female x BMI .00 .01 .07 .942 
Quality of Life Intercept (score for 11 
year old males) 
.16  5.56 .000 
 Puberty Category .02 .15 1.95 .051 
 Centered Age -.00 -.02 -.23 .817 
 Female -.09 -.27 -2.19 .029 
 BMI 8.681E-5 .00 .07 .947 
 Female x Age -.01 -.10 -1.24 .216 
 Female x Puberty .02 .15 1.40 .161 
 Female x BMI .00 .09 .78 .434 
Hypomania Intercept (score for 11 
year old males) 
.13  4.25 .000 
Puberty Category .03 .19 2.47 .014 
 Centered Age -.02 -.33 -4.54 .000 
 Female .00 .01 .04 .968 
 BMI .00 .02 .40 .692 
 Female x Age .01 .20 2.60 .009 
 Female x Puberty -.02 -.16 -1.50 .133 
 Female x BMI .00 .02 .17 .865 
Self-harm Intercept (score for 11 
year old males) 
.02  1.03 .305 
 Puberty Category .01 .19 2.48 .013 
 Centered Age -.00 -.17 -2.26 .024 
 Female -.02 -.09 -.71 .478 
 BMI .00 .03 .55 .583 
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 Female x Age .00 .08 .98 .326 
 Female x Puberty -.00 -.06 -.51 .610 






Aim 3: Logistic Regression Output 
 
Variable B SE Wald df p 
On time (-2) vs. Extreme (+1) .143 .179 .641 1 .423 
Early (+1) vs. Late (-1) -.062 .462 .018 1 .894 
Female x Contrast 1 -.195 .191 1.041 1 .308 
Female x Contrast 2 1.008 .769 1.717 1 .190 









Aim 3 Model Summaries 
 
Variable R  R2 Adj. R2 df F p 
Dysregulated Mood & 
Behavior 
.054 .003 -.001 4 .84 .499 
Depression .046 .002 -.001 4 .62 .647 
Inattentive Restless .089 .008 .005 4 2.33 .054 
Quality of Life .078 .006 .003 4 1.79 .129 
Hypomania .092 .008 .005 4 2.45 .045 
























Aim 3 Regression Coefficients with Contrast Codes and Mood Symptoms 
 
Dependent Variable Predictor B SE Beta t p 
Dysregulated Mood & 
Behavior 
 .17 .01  20.53 .000 
On time (-2) vs. Extreme (+1) .00 .01 .010 .26 .799 
 Early (+1) vs. Late (-1) .01 .02 .033 .72 .472 
 Female x (On time vs. Extreme) .01 .01 .042 1.09 .277 
 Female x (Early vs. Late) -.01 .02 -.013 -.28 .783 
Depression  .22 .01  28.19 .000 
 On time (-2) vs. Extreme (+1) .01 .01 .04 .96 .339 
 Early (+1) vs. Late (-1) .01 .02 .03 .56 .574 
 Female x (On time vs. Extreme) -.01 .01 -.04 -.93 .353 
 Female x (Early vs. Late) .01 .02 .01 .26 .794 
Inattentive Restless  .20 .01  22.22 .000 
 On time (-2) vs. Extreme (+1) -.01 .01 -.07 -1.70 .089 
 Early (+1) vs. Late (-1) -.04 .02 -.10 -2.06 .040 
 Female x (On time vs. Extreme) .01 .01 .08 1.98 .048 
 Female x (Early vs. Late) .02 .03 .03 .60 .548 
Quality of Life  .18 .01  24.46 .000 
 On time (-2) vs. Extreme (+1) .00 .01 .03 .82 .415 
 Early (+1) vs. Late (-1) .02 .02 .07 1.44 .151 
 Female x (On time vs. Extreme) .00 .01 .01 .33 .745 
 Female x (Early vs. Late) .00 .02 .00 .01 .996 
Hypomania  .18 .01  22.01 .000 
On time (-2) vs. Extreme (+1) .01 .01 .05 1.30 .195 
 Early (+1) vs. Late (-1) .05 .02 .14 3.01 .003 
 Female x (On time vs. Extreme) -.00 .01 -.01 -.30 .763 
 Female x (Early vs. Late) -.07 .02 -.14 -2.86 .004 
Self-harm  .06 .01  12.47 .000 
 On time (-2) vs. Extreme (+1) .01 .00 .14 3.42 .001 
 Early (+1) vs. Late (-1) .04 .01 .20 4.40 .000 
 Female x (On time vs. Extreme) -.01 .00 -.06 -1.57 .117 

























Note. Age 0 represents age centered at 11. Age showed a significant positive 
main effect on poor QoL, and a negative association with dysregulated mood. 
Sex significantly moderated age effects on dysregulated mood (steeper decline 



















































Figure 4. Pubertal onset and mood symptoms/diagnoses for self-harm and hypomania. 
 
 
 
 
 
 
